Clinical, pathologic, and DNA expression variables for patients with stage I non-small-cell lung cancer (NSCLC) (N = 161) were investigated to determine factors related to favorable survival. Survival and logistic regression (LR) modeling showed that female sex, younger age, and adenocarcinoma (AC) Histologic subtype confer better survival. Poly(ADP-ribose) polymerase (PARP) and Ku86 expression was not correlated with prognosis.
Introduction
Lung cancer is the leading cause of cancer-related mortality. 1 Advances in therapeutic modalities have resulted in modest survival. However, a cure remains elusive for patients with disease beyond stage I, which is often the case. 2, 3 Even in patients with early-stage lung cancer, there is a critical need to improve cure rates and identify patients at higher risk for recurrence.
Previous work 1, 4 showed that early stage at diagnosis, younger age, and female sex are favorable prognostic indicators for non-small-cell lung cancer (NSCLC) . It is also important to note that the incidence rates for the various forms of lung cancer appear to be shifting in time, 5 and that there are both racial and regional differences throughout the United States. 6 Both serial and geographic variations in lung cancer survival patterns indicate that survival rates require continual evaluation to ensure that the knowledge base is current.
In addition to clinical factors, the molecular characteristics of the tumors can be used to determine prognosis. In particular, repair cross complementing gene 1 (ERCC1) expression is a prognostic factor in patients with early-stage NSCLC. 7 ERCC1 plays an important role in the nucleotide excision repair pathway. Given that DNA repair is mediated by a number of other important pathways as well, we investigated the impact of poly(ADP-ribose) polymerase (PARP) and Ku86 expression in specimens of patients with early-stage NSCLC, along with clinical factors, 1, 4 to identify the variables that either confer or limit survival. 8, 9 We hypothesized that the expression of these proteins could influence prognosis, treatment selection, or possibly recurrence for patients with NSCLC. groups of patients dichotomized by their survival characteristics to form favorable and unfavorable survival outcome groups. Intervariable relationships were also explored with LR. Kaplan-Meier and Cox regression survival analyses were used to study various patient strata.
Time-to-event and LR modeling convey different information. Cox regression is not typically used to make estimates at the patient level but can provide an instantaneous relative risk given a set of covariates for a given patient. Developing methods derived from Cox regression for individual estimates is an active field of research. 10 Kaplan-Meier analysis is nonparametric and is not usually applied at the patient level. Reducing the data resolution to a binary outcome makes the data set amenable to both LR modelling, for patient estimates specifically, and to all forms of binary classification applications more generally, which is an alternative approach to survival analysis 11 that can serve as a simplifying mechanism. 12 The LR model provides the probability of a predefined endpoint given a set of specific covariates and thus gives an output that is easily interpretable at the patient level.
Study Population and Measures
The data set is composed of patients (N = 162) with stage I NSCLC who underwent resection at the WellStar Kennestone Hospital in Marietta, GA from 2002 to 2008. Patients were selected post hoc and consecutively. Clinical and pathologic data were abstracted from the patient records. The selection criteria included all patients with stage I disease and complete case ascertainment for the variables under consideration. One hundred one (n 1 ) of these patients were alive at last contact (censored group), and 61 (n 2 ) patients had died (incident group) during the course of the contact interval. Abstracted variables included age (ie, age of the patient at the time of surgery) with integer accuracy, sex (binary), smoking status (binary), 4 
Experimental DNA Expression Biomarker Measures
DNA repair protein expression for Ku86 and PARP were evaluated as disease biomarkers from digitally scanned, immunohistochemically stained NSCLC tissue microarrays (TMAs). Before the creation of the TMAs used for this study, a board-certified pathologist (GS) reviewed selected hematoxylin and eosin (H&E)-stained slides to confirm the diagnosis and grade of the tumors. Areas of interest were identified on the H&E-stained slides, and tissue cores were obtained from the corresponding areas of the originating formalin-fixed paraffinembedded tissue block using a semiautomated tissue microarrayer (Pathology Devices, Inc, Westminster, MD). Because of histologic heterogeneity, triplicate tumor tissue cores were obtained from each patient. The 4-µm-thick sections from the TMA blocks were stained with the Ku86 (sc-56136, Santa Cruz Biotechnology, Inc, Santa Cruz, CA) and PARP (Clontech, Mountain View, CA) monoclonal antibodies according to manufacturer's instructions using an automated stainer (Dako, Carpinteria, CA). The stained TMA slides were digitized with a Nanozoomer whole slide scanner (Olympus America, Inc, Center Valley, PA). Stained TMA pathologic images were scored using a modified scoring methodology in which percentage staining and intensity was visually assessed by the pathologist for each core. A final intensity score for each patient was determined by averaging the 3 scores. This method of scoring was repeated for every patient. The 3 measures were derived for each DNA repair protein expression that measured intensity (I), proportion (P), and total score (S) (ie, intensity × proportion). For Ku86, we refer to these as K I , K P , and K S , respectively. Similarly for PARP, we refer to these as P I , P P , and P S , respectively.
Analysis Methods
Favorable Outcome Analysis-Two-class predictive (or prognostic) models were developed with LR. Censored (n 1 ) and incident (n 2 ) patients were used to form favorable and unfavorable survival outcome groups, respectively, as described and validated previously. The LR model was referenced to the favorable outcome group (ie, to predict the probability of a given patient experiencing a favorable survival outcome). Complete case ascertainment for all the variables for the entire patient population was not available. We studied the full data set (full group) and subgroups of this data set, depending on the case ascertainment for the variables under investigation. The goal was to find those variables that related to favorable survival outcome and characterize their association strengths. Odds ratios (ORs) were used to assess associations and the area under the receiver operating characteristic curve (Az) was used to measure predictive capability. The ORs are cited with 95% confidence intervals (CIs).
Intervariable Association Analysis-Various combinations of variables were used to evaluate possible associations with the AC and SCC histologic subtype, sex, and disease recurrence. In this modeling, histologic sub type, sex, and recurrence were used as the dependent variables for LR. We investigated LR models with the following variables: age (A), tumor grade (Gr), sex (S), and the DNA expression measures. Each of these clinical variables are generically referred to as CL1, and each of the 6 DNA repair protein expression variables are generically referred to as PR in this description. We investigated the following relationships to predict the 2 class histologic subtypes (ie, predict SCC): LR(A, Gr), LR(A, S), LR(CL1, PR), LR(A, Gr, S), LR(A, Gr, PR), LR(A,S,PR), and LR (A, Gr,S,PR). This evaluation included 56 different LR models. We performed a similar analysis to predict male sex. The dependent variables used in the LR model to predict male sex can be determined from the histologic (H) subtype analysis by replacing S with H (ie, 56 different LR models).
We investigated various relationships to predict recurrence. We refer to A, Gr, H, and S individually as CL2 clinical variables in this description. We investigated, LR(CL2), Survival Analysis-Kaplan-Meier survival probability analysis was applied to evaluate survival differences between various patient strata. Hazard ratios (HRs) were used to assess group survival characteristics with 95% CIs using Cox regression analysis. To study agerelated survival, the patients were dichotomized using the population median age as the cutoff point and using the below-median age group as the reference. We also dichotomized the patient population by 2-group histologic subtype (ie, SCC and AC), recurrence, adjuvant treatment, and sex; the respective references were AC, no recurrence, no adjuvant treatment, and female sex. The 6 DNA repair protein expression measures were also evaluated by dichotomizing the patient population by the respective median value (low and high groups) for each measure using the below-median groups as the reference. To assess possible cosegregation, we stratified by considering those patients with above-median values for 2 given DNA measures simultaneously compared with the remaining population with the same 2 measures. The patient sample numbers in the upper and lower median strata (n upper, n lower ) for each comparison were 60,102 for K P -P P , 66,106 for K s -P s , 66,106 for K P -P S , and 60,102 for K S -P P . We also restricted the DNA survival analysis to those patients with SCC (n SCC = 48) and AC (n AC = 93) separately by dichotomizing the respective histologic subgroup at the median value of each protein expression measure (below median as the reference). Additionally, we investigated stage I subgroups in various strata. Patients were stratified by (1) IA and IB using IA as the reference using the full group data set, (2) lower age group patients with stage IA histologic sub type as the reference compared with the remaining patients in the full group data set, (3) all patients with stage IA disease with AC as the reference compared with those remaining patients in the full group, and (4) lower age group patients with both stage IA disease and AC as the reference compared with the remaining patients in the full group (fewer than 4 patients with ASC and 4 patients with unknown histologic type).
Analyses were performed in the SAS programming environment (SAS Institute, Cary, NC).
Results

Patient Characteristics
The patient characteristics are summarized in Table 1 as totals and by incident and censored groups. The median age was 67 years. Censored patients were younger and more likely to have grade 1 tumors, whereas the other grades were similar across groups. There was a near equal representation of men and women. The censored patients were more likely women, who were more likely to have AC rather than SCC histologic sub type. Although only a small number of patients had either ASC or LCC histologic subtypes, patients in the censored group were more likely to have LCC. Approximately 20% of the patients were nonsmokers and this status was similar across groups. Patients in the incident group were more likely to have experienced disease recurrence (qualified further on) and received adjuvant treatment. Tumor location was similar across groups, and censored patients were more likely to have stage IA disease. The Ku86 and PARP expression for each of the 3 measures was similar across the 2 groups. The K I findings were excluded because most patients had K I = 3. The mean censored time for the favorable group was 3.94 years and the overall survival time for the unfavorable group was 2.15 years (not shown), indicating the validity of the stratification.
The recurrence variable requires further qualification. Although there are more patients with recurrence in the incident group, relatively few patients in the total population have recurrence. The minimum and maximum known recurrence times were 20 and 1352 days (not shown). Because the recurrence status is unknown for the favorable group past their censored time, the recurrence outcome is within approximately 3.5 years, which is valid when considering the mean censoring time.
Favorable Outcome Analysis
For the full group data set (N = 162, with n 1 = 101 and n 2 = 61), we had complete case ascertainment for age, sex, adjuvant treatment, tumor grade, stage I subgroup, and DNA repair proteins. The forward stepwise selection procedure resulted in a bivariate model. As shown in Table 2 , the ORs for age and sex were significant (ie, the CIs do not include unity). When adjusting for sex, the age association (OR, 0.64 per standard deviation [SD] increase) and sex association (OR, 0.39) show that increasing age and male sex confer unfavorable survival outcome (ie, female patients are 2.6 times more likely to be in the favorable group, and younger patients are 1.5 times more likely to be in the favorable group). In this age-sex model, Az was 0.683. The other measures were not significant independent predictive factors (ie, Az < 0.600) and their OR associations were not significant.
In the subgroup 1 dataset (n = 149, with n 1 = 91 and n 2 = 58), we had complete ascertainment for age, sex, tumor grade, tumor location, histologic subtype, and DNA repair protein expression measures, as shown in Table 3 . The univariate analysis found significant associations for age (OR, 0.65 per SD increase] and sex (OR, 0.32 per unit increase], indicating that increasing age and male sex confer an unfavorable outcome. The forward selection process resulted in a bivariate model with age and sex, which had similar ORs as the univariate models, and Az = 0.680. None of the measures were significant.
The subgroup 2 data set (n = 134 with n 1 = 80 and n 2 = 54) was composed of patients with full case ascertainment for the SCC and AC histologic subtypes in conjunction with age, sex, tumor location in the lung, adjuvant treatment, tumor grade, stage I subgroup, and DNA repair proteins expression ratings. The findings are shown in Table 4 . The univariate analysis found significant findings for sex (OR, 0.34; Az = 0.630) and histologic subtype (OR, 0.44; Az = 0.594]. The forward stepwise procedure resulted in a bivariate sex and histologic subtype model. In this model we found the following: (1) the ORs were similar to those of the respective univariate models, (2) the combined Az increased to 0.668, and (3) the OR for Histologic sub type was not significant. The findings show that both AC and female sex confer favorable survival outcome, and these 2 variables in combination provided an increased Az in comparison with either in isolation. The other variables were not significant ( Table 4 ). It is important to note that age was not included in the selection process. The reasons are investigated in the following paragraph.
Different combinations of variables were investigated to determine models with increased predictive capability using the forward stepwise procedure. We refer to this as the best model data set (n = 123, with n 1 = 71 and n 2 = 52). This evaluation included patients with complete case ascertainment for age, sex, adjuvant treatment, tumor grade, stage subgroup, SCC and AC histologic subtypes, tumor location, DNA repair protein expression measures, smoking status, and recurrence. The findings are shown in Table 5 . The model with the greatest predictive capability included sex, histologic sub type, and recurrence, which resulted in a combined Az of 0.788. In this model, the associations for sex (OR, 0.32), histologic subtype (OR, 0.40), and recurrence (OR, 0.04) were significant and all conferred unfavorable outcome. The respective ORs do not vary much from their respective univariate values, indicating that they provide independent contributions. When forcing age into the selected model, its association was not significant, but it increased the model's predictive capability, with Az = 0.796 (last row in Table 5 ).
Interaction Analysis
To understand possible interactions between age and DNA repair protein expression we performed intermeasurement analyses using the subgroup 2 patients. This analysis was portioned into 3 outcomes by considering those variables that could predict the following: (1) the 2-subgroup Histologic sub type [ie, AC or SCC], (2) sex, and (3) recurrence. Only models that were associated with Az ≥ 0.600 are shown when the corresponding ORs were not significant.
The histologic relationships are shown in Supplemental Table 1 . Although there are many models that provided some predictive capability, the majority of the OR associations were not significant. In all models that contained age, increasing age was associated with SCC. The association for age in isolation was associated (OR, 1.70 per SD increase) with Az = 0.637. The associations for the PARP and Ku86 expression measures were not significant, although the sex association (OR, 2.17) gained significance in the LR(Gr, S, K S ) model, indicating men are more likely to have the SCC histologic subtype than are women.
The sex associations are shown in Supplemental Table 2 . The majority of these associations were not significant, except those provided by grade and Ku86 expression. Although grade in isolation provided weak predictive capability (Az = 0.596), its association (OR, 1.84 per unit increase) indicates that increasing grade is significantly related to male sex; in models that included grade, similar associations were found (ie, 1.46-2.01 range of ORs). Similarly, K S in isolation provided a significant association (OR, 2.03 per SD increase) with Az = 0.635, indicating a relationship with sex (ie, increasing K S is related to male sex). In most models that included K S , it provided significant associations (ie, 1.84-2.14 range of ORs). Histologic subtype gained significance when including K S . In this bivariate model, the associations for histologic subtype (OR, 2.14) and K S (OR, 2.05 per SD increase) with Az = 0.681 show that male patients are more likely to have SCC and an increased K S measure. To understand interactions with disease recurrence, we investigated 110 LR models and found only weak predictors of recurrence, and no significant OR relationships were noted (not shown in a table because ORs were not significant). In summary, none of the univariate models had an Az > 0.582 (provided by tumor grade), none of the bivariate models had an Az > 0.619 (grade and P I ), none of the trivariate models had an Az > 0.625 (grade, sex, P I ), and none of the models with 4 variates had an Az greater than the best trivariate model. 
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Survival Analysis Figure 1 shows the dichotomous age grouping survival curves. The findings are shown in Figure 3 show that male patients have an elevated hazard (HR, 2.03) mainly for the short and midterm. Past 7 years, survival appears similar for both sexes (ie, about 26% of men and 26% of women survived). The DNA repair protein expression survival findings are shown in Supplemental Table 3 and were not significant. None of the DNA measures from the cosegregation analysis showed significance in HRs or statistical tests (not shown). Similarly, none of the DNA measures showed significance when restricting the analysis to patients with either the SCC or AC subtype (not shown) or by first removing the patients who underwent adjuvant treatment before performing the analysis (not shown).
Additional survival analysis was applied to evaluate various strata based on the stage I subgroups (graphs not shown), and the findings are provided in Supplemental Table 4 . Stratification IA and IB produced little. However stratification by considering all patients in the lower age group with stage IA disease compared with the remaining population was associated with a significant hazard (HR, 2.44), indicating that older age in combination with stage IB disease confers poor survival relative to the remaining population with stage I disease. Similarly, stratification by considering patients with both AC and stage IA disease compared with the remaining population was significant (HR, 2.18). Stratification by considering patients with AC, stage IA disease, and lower age compared with the remaining population was significant (HR, 2.65). Thus, stage subgroup was related to survival when considering specific clinical factors of the population.
Discussion
The favorable outcome modeling showing that younger age and female sex were associated with a favorable survival is in agreement with previous reports. 1, 4, 13 Our analysis also demonstrated that the histologic subtype in combination with sex and recurrence was associated with the greatest predictive value for a subset of patients. We also found that increasing age is related to SCC histologic subtype and increasing tumor grade is related to male sex. The survival analysis (Kaplan-Meier and Cox regression) clearly showed that Behera et 
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Author Manuscript younger age, AC histologic subtype, no disease recurrence, and female sex confer longer survival. Differences within stage I subgroups were not directly related to survival. However, when considering certain clinical factors with stage IA, survival prospects are better. Younger patients with both the AC histologic subtype and stage IA disease have superior survival outcome. Our work showed that tumor grade was not a significant predictor of favorable outcome in contrast to other findings. 1 The increased hazard for patients with SCC in comparison with AC and for male patients and increasing age were significantly greater than those found in related work, 1 which may be due to either population or time frame differences. The survival findings with adjuvant therapy are consistent with a recent metaanalysis that documented an increased HR for adjuvant chemotherapy in patients with stage IA NSCLC, 14 although our findings showed only a trend. The PARP and Ku86 measures showed little significant association with outcome, survival, or relationships with other variables, with the exception that Ku86 expression showed a significant association with male sex. DNA repair capacity has been shown to be a prognostic factor in patients with resected NSCLC. Patients with resected NSCLC whose tumors showed high ERCC1 expression had a more favorable prognosis and failed to derive any benefit from adjuvant cisplatin-based chemotherapy. 7 Other proteins involved in DNA damage repair mechanisms, such as Ku86 and PARP, have not been studied adequately in NSCLC.
None of the factors or combination of factors provided significant associations with recurrence or adjuvant chemotherapy. The value of recurrence in predicting favorable (or unfavorable) outcome or survivability may be limited because about 64% of the patients in the incident group and 92% of patients in the censored group did not have recurrence. In randomized studies for early-stage NSCLC, adjuvant chemotherapy improved survival for patients with stage II and stage IIIA disease, 15 whereas patients with stage IA disease derived little benefit, in agreement with our findings.
The favorable outcome analysis supports patient level estimates and the dichotomization technique complements the time-to-event analysis. As demonstrated, a variable that provided a significant OR in the favorable outcome analysis also resulted in a significant hazard relationship when dichotomizing the same patient samples at the median value of the respective variable. A similar argument applies to a variable that gives an elevated Az (> 0.65) derived without model fitting as demonstrated previously. 12 This approach also serves as a simplifying technique for automated analyses. 12 There are several limitations with our findings, the most significant of which is the retrospective data collection. This limitation resulted in incomplete case ascertainment such that the analytic data samples differed between various evaluations. In the modeling, we did not consider interaction terms to limit the presentation. We were able to construct LR models with increased predictive capability by limiting the work to 2 histologic subtypes, which limits the model's applicability. The recurrence status is not known past the censoring time for the relevant patients and represents an inexact or coarse variable.
The favorable outcome dichotomization analysis is a novel separation methodology. 12 This approach reduces uncertainty in the status for those patients who did not survive, but there are likely patients in the unfavorable group who survived longer than some patients in the censored group. Assuming that the patients in the censored group did not die the day after losing study contact, their censored time is a conservative estimate (ie, left limit) of their overall survival time, indicating that the time separation (mean censored and incident times) between the 2 groups is greater than that specific to the separation of the censored group and incident group means. This indicates that associations found (ORs or Az) are more likely conservative estimates. Another approach 11 is to use a survival time cut point to dichotomize the patient population (ie, no possibility of overlapping survival time). This approach cannot accommodate censored patients on the left side of the cut point (ie, censored patients are discarded), which is not practical for limited data sets. The generality of our approach will require further evaluation with different data sets.
Understanding the factors that influence survival for patients with lung cancer remains an important research and clinical consideration. Evidence shows that the histologic distribution of lung cancer continues to change over time; specifically the rates of SCC cases have declined, whereas those for AC continue to rise. 5 Lung cancer incidence rates for female patients appear to be rising. 16 Moreover, the incidence rates vary regionally, with the highest incidence in the southern United States and the lowest incidence in the western United States. 6 It follows that associations measured over one time frame or from a given region may not translate to another time frame or region, suggesting that they require continual assessments.
In conclusion, the survival characteristics of patients with stage I NSCLC were investigated. Our work showed that specific patient and tumor characteristics such as sex, age, and histologic subtype confer improved survival probability. These findings are of importance to determine optimal therapy and level of aggression required to manage stage I NSCLC.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
Clinical Practice Points
• Approximately a third of patients with stage I NSCLC will experience recurrence of disease despite optimal surgical resection.
• It is important to identify patients at a higher risk for recurrence to develop novel treatment approaches to improve their outcome.
•
We analyzed 161 patients with stage I NSCLC for prognostic factors associated with a favorable outcome.
In addition to the baseline patient characteristics, the expression of Ku86 and PARP, 2 important DNA repair proteins, were studied as potential predictors of outcome.
• Male sex, squamous histologic sub type, and older age were associated with poorer survival outcomes, but the DNA repair proteins were not significant determinants.
Our study confirms the favorable prognosis associated with female sex in NSCLC.
Because new agents that target DNA repair pathways are under development, the findings of our study are relevant to researchers and clinicians. Table 2 Full Group Associations a , stage I subgroup (S1), Histologic sub type (H) restricted to adenocarcinoma (AC) and SCC, tumor location (loc), and DNA expression measures. The step-forward selection procedure was used to build a model to predict the censored group (favorable group). Only sex and the 2 histologic subtype variables were significant (univariate models). The odds ratios (ORs) with 95% confidence intervals and area underthe receiver operating characteristic curve (Az) are provided for the various arrangements. We use the functional notation LR(x, y) = censored group to indicate the variables (ie, the respective covariates listed in the Table 5 Best Model Associations a , and log-rank test P values, and the percentage of patients surviving past 3,5, and 7 years for the various groups.
The number of patients in each stratification belonging to the censored group (n c ), incident group (n i ), and totals (N) for each experiment are also provided. We show the survival statistics for age, histologic Clin Lung Cancer. Author manuscript; available in PMC 2018 January 28.
